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(54) METHOD OF LIQUEFYING SOURCE GAS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
liquefying source gas using a recirculate cooling 
system where a refrigerant recirculates. 
SOLUTIONS: At least a part of all cold required to cool 
and condense source gas 100 is provided, using two 
cooling systems. The First cooling system includes at 
least one recirculative cooling path, and it provide cold in 
a first temperature range, using two or more kinds of 
refrigerant components. The second cooling system 
provides cold where a refrigerant at low temperature is f 
generated by expanding the work of a refrigerant stream ^ 
124 whose at least one part is cooled and boosted, and ^ 
it is In a second temperature range. The refrigerant 
stream which is cooled and boosted contains material 
gas, and besides it has the same composition as the 
source gas. Preferably, the lowest temperature in the 
second temperature range is lower than the lowest 
temperature in a first temperature range. 
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IS, ( 4 ) ±IEW|g-(0^.cO^SW»£fl Sr^iH L , 

g, (5) £*>*X^^tftt^5iB*i£#SlU 4--5r 
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fl* 0 . m£*E^ffl4)«S 1 3 0 ^»A-r ft . SHi 1 

(?>i©h.l4 2£±t£-£, #1 44£}iLT«j±U * 
LT*EeDffl#lffi&l 3 O^A-Tfto 
[0028] tfJEEtOffi^it^ 130 1 4 6 

»U *Eo£3&Mf 886 1 5 6££t§i±ft« 4>J±co 



«4Hi»l 3 0*»^atft8tl 3 2£jgtc«J±LT. ffi 
JEE<7>ffl4tttJ»l 4 8^S<„ iOffiEE^ffl#Ji»!&»6<»5 
ftftCSEl 5 2 2rffcft!&3!8l3il 2 2T'oiiD««^^K« 

tH*-4fc*>*-£-cjii»u i&!±<7)M.mmmmffi.i 545- 

£t£-t2rft„ ffiE«ffl#St§ffl 4 8>!)^«s£l 5 0 
*«*a«Mp D n ^«R!<:t-ft . 

[00 29] HRfc(iIftflS|e*<?5fi£WC* 0 * LTS 

^ttmwmmmm.tiz i6o*. 1 6 2 

T"JE« L . 1 6 4 "C-^ < t i>-mtt, m L 

<JdaS£^fc. ^LTMtLl 6 8k LTM-fL* 

1 2 2 ^A-T ft . ffiti 1 6 8 ^jK^K^SftS 1 
2 2-C^aiLTSrt^Ll 7 85r^t$1i:, %tl£%CDiWi 
0#1 8 0SrffltT«J±LTMixl 82^4t§«„ 
«ELfcaEfLl 8 2{±ftSWt:. tt-4 3°C (*<j-4 5 
* F) i^ffiW j:D*f^L<(±^-87°C (ft- 1 2 
5' F) AOttv^KlcftJ. atftl8 2&$MtS^ 

lx , m-sfflmmmm. 1 6 o &^ t §*ft . JEffl« i 

04. 1 1 0M1 6 2(i-^fc. IBajcofcfttElfcUi 

i o©«{4 . ^mcoimm^mmmmxh ft . 
[0030] ^wnco h o -~>com&*m 2 tc^-r. m 

2ffm^fA ftWMmZ. 1 0 0 k 1 5 6coico£*iJ 
fflt-ftEH^ffi«*^^$fLTi^l\ £EffiL^LT 

^=sr < k t a^i=«iis*fca^j&«a 1 6 s *4mw 

LT— OO^. -T^r^^MiX 2 6 8 k 2 7 0 £-f ft . 
fiSsfl 2 7 0 1 2 2 T^ffl LTSHl 2 7 2 

tS-fr, #2 7 4^fflLTl«J±LTMil2 7 6Srf^S. 
^V-^T. itix2 7 6^Sft3C^ggl 2 2T"«^^^tt§-y: 

ft fcA-t -= TSMts-frfiojiiia l . -e ltm^mje* 

SI 6 2*0+ |fflglC5ttBf'VS(Dh.2 6 2k Lt^Atl.. 
[00 3 1 ] SEn.2 6 8 £SSHfc&3s 122 TMn.2 7 2 
i'9^fi^SSiT-^aiL-Caix2 7 8^*t?-ii-. 
ilSr#2 8 0 *aLTStth.2 7 6(7)!±tlX 0ffiV^£E*4 
T-Mffi-Tft . i<?5tea. «Eti^giWx2 8 2 
-e«Mift-4 3°C (S-45 1 F) J:0fi<, <£ 0 
if*t<{4ft-8 7°C 25° F) iOfiV^ SE 

ix2 8 2 SrlffeSJ« 1 2 2-C5filn<a*?&£S«3-£*fc 
; X'MitZitR^im L , * LTa^-^MSEBBIi 1 
6 2^K2 6 0k LTWA^ft. 

[0032] zcommcommt. m^n^m^i%mj± 

mm l 6 2^\-ocoj±li^^;l--C-Mt. ^-ntJ: Dtt^i 
^«^$itft^T\ Hl^!IIWUUifc:i»»S*i4. Kfc 

[00 33 ] H3fi:A% 0 JfOt> 3 — 3^«^^LTV^ 
ft. H3<7)S5R->M ^/l-OjlSKii:. 10 0k 156«i 

«KBffifSM 1 6 0 ^M^«ffiffi« 1 6 2 -cfflBI L . Sfe 
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nam 1 6 4 TM^mizmm^x^ix ie8?:m. 

% LXttftm* 3 6 6 f^mX-th . i "3 ffiff^K^Bic^ 
tfrSUffcfcftSS 7 0Sffl*tS3 6 6 
U ffi-fUK&ft&l 2 2"C?frSIl/ca&fl3 7 2££tS 
It. -€-LT#3 7 4*3fiLJit£EL*Cifth.3 7 6*ff4. 

Msg 3 6 8 £JfcffcJ*£8l» 1 2 2 TifrSJU i^Sr< k t> 
ff*L<li^:, «*lt§-£T8£fx3 7 8* 
Mix3 7 8*#3 8 0*SiLTMELT, 
HRKI4»-4 3T; (»-4 5* F ) «t >9te< , W* L 
<afi-8 7'C (ft-125* F) «fc"9ff* 
L<tttt-1 1 5°C 7 5' F) iOfl&X&KO 

Mix 3 8 2*^t£-tf-£>o 

[ 0 0 3 4 ] ash. 3 8 2 &Mimam& 1 2 2 T«&* 
^3#4fcft*£T^3l*^LT8Hl3 84 *£ 
tS*, iix*i!ix3 7 6i; — 8 6 fcfl: 

s . - t^Mix*^- z xmwmttiim^ 

4fcft5etc*WfcS-ftjlIilLT, }&l^«B«8ifM 1 6 0 

»«tt«»*fc «fc "mMHtt^s&a-f: t*tt« i fc tm 
-rsco-c. iaioss«y3LhcoK#i:^5. 

[00 35] id — : 5«?i«t* , H 3 cD«ffli*3J^ Lfc 
hcok LTH4tc*f. H4tc&H-£2f^?/KD3i 
Kf±, 100tl 5 6COi<50SrffJffl-f-SHl<50^^^ 

M 1 6 8 3 6 6 fcffJVTS . X "9 

J*#fc*4"ltfci«**3 7 0*, ffl4MK»3 6 6j&>6tt 
* ffi L , ja-ffclSSSflKS 1 2 2 T-^ffl LT Mil 372^4 
tS-tt, ■^L-C#3 7 4*ilt,MJEfCMix4 7 6*tf5 
■B . iJtt, Mix 4 7 6 *»35Ms 1 2 2 TitaneOi^S: 

«1 6 2^2 6 2 t LT^A-T-g). 
[0036] ffl#fl|&3 6 6s&>^, J: 0flff*»tt<?3lfi 

*fc*4«fciKaa3 eatmssm 1227, Mix 3 

7 2J: 9tffi^&JK£T'^flLTMix3 7 8*£t£-tf 
.T<7)Mil*#3 8 0*ilU Mix 4 7 6 0 
fiv ^£E*4TJSE LT , Mix 3 8 2 *f££ . MJE L?tM 
ix3 8 2{;£, #^-4 3°C (»-45* F) J Dffi< , Jf 
4L<{i^-8 7°C 2 5" F) J;9ffi<, =t 0 

i?£ L < (2*- 1 1 5°C (ft-l 7 5' F) iOffivva 
4 . iKtC, Mil 3 8 2 *»3£#IS 1 2 2 TiUlIO 

iztim&mm. 1 6 2^m*x2 6 o t lt wa^-s. . 

[0 0 3 7] m5im4<7>mn&$l.&Lfzi>CD$:MW~? 
I.. is^lStO^IKIi. iooti56«i, 
eo*f iJffl-TS H 1 tf>JB«a» h 30S$ixT i>3r^. £EBL 
aWWt«IB$-frfc«^J««ai 6 8£ffl#ft3&3 6 6 

Mix 5 6 9 fc 5 7 0 fc4MWW4 . Mix 5 7 0 £SHfc»3E 



M$l 2 2t^a]LTMiX3 7 2*£t§.£ % #374 
*31LTMj±LTMix4 7 6*fNft. iWC Mix 4 7 6 
**SM 1 2 2T*#*£&S-£4fctfve£Tj«lfl:3 

i±ms l , * Lxm^msmm 1 6 2 ^gsm 262^ 

LT»A^£„ 

[0038] ffl#Jfit«3 6 6j&»6«9|g£lSK3 6 8 *MiX 

5 6 9fc— «tLTatfi5 68*ff-6. Hftvr, Mix 5 

6 8 *»xJtfi 1 2 2 TMix3 7 2 «fc *} fefiVvfiK^T 
^JntTMix3 7 8Sr±t§ii:, -eixSr#3 8 0 2rilL 
TMix4 7 6c7)JS^jJ; 0fiV^JEE*j4T«EEL"Cj(Eh.3 8 
25rffS. «J±L7tMiX3 8 2(i, ^-43°C (#&-4 
5° F) J; "9 fS< . »4t<{i:*t)-8 7°C 25 

* F) = fc'9ffi<, iWSKiift-l 1 5'C (#5-1 
75° F) i^ffiuMttS. K^T. Mil3 8 2* 
*i3Smtsl 2 2T-jijD<7)«^*ffi#t$itS^* > >^<rT-m 
ItSltJn^LT, KC^^iffilll 6 2^Mil2 6 
0tU»Atl»o Mix3 6 8^Mix5 6 9*J[Jil><l 

t UK Mix 5 6 8 «JMHffi<o»ifflE* ^TIBfcrf 4 . 

[0039] mi~~5commizttLx. m&ftmv-j 9 
ivmzm^m^mmfm^mx. z>z\kizx>o%<com 

:6 s , ^ix{±H3c07°a-feXS:e5i^t^:t«X"S)-S)o H6 

BflRSSE 1 6 0 *?f K ^^«Effi« 1 6 2 T'ffillL , 
mil 1 6 4 "tWiWt««$-frTSBl. 1 6 8 £f£ 9, ffl 
^ v ffifl3 6 6^»A1-4 0 fflMI§3 6 6^^, J: 9ffi 

JWfttt*>j«#fc«-£fcilHKK 3 7 0 *fe^ ffiU, fflE^t 
^3<misl 2 2T-^aiLTMix3 7 2*^t§-fr, #3 

7 4SrSLMEtTMix3 7 6 5:f^» 
[0040] J; 9W»«tt«JR4i'fc:*4-frfcffi4Mi»3 
6 6 frt>cr>mSm3 6 8*, ^taStSMS 1 2 2 
t^< t *>»»«fc:«WS-frTJfth.6 7 8t*tS« 
£. Mix 6 7 8*iMCtjSJEL, S^t»B6 8 0 
^■oT3ISet6 8 2i:«#fciitt6 84t*fN4. J: OiS 
JWStt^jR*fc-«* S^r^Mix 6 8 2 1 2 
2Tjet^aiLTatfi3 7 8tfNft. M^t, Mix3 7 

8 *# 3 8 0 £il LTiiJE LTMiX 3 8 2 *± t § 

* tT^ix*»*3c^SI 1 2 2 tM?tinfiLT« 
^^^ffi^-tirfi^tf ^M6 8 6 ££t£-£S . Mix6 8 
6 £ffi#d»6 8 0*^««M 6 8 4 fc— «fc LTM 
iL688*f^4. KSfc, Mix684*, 4 j r B 1M686 
fc-WcTiiOWCifrffll/CiJ:^. Mix6 88*S 

fc5Mts*Tj&initfW»fr*iiftS^ _aosiix6 90* 

^il*Mix3 7 6t-^CtTMix3 8 6*# 
4 0 i^Mix^^t^-yrTjejp^*^*^^^^ ^ L 

xM&ixm^mmmmm 6 o*^t§*4. ^hi 

^680 <7)iSJa(±, El 3 ^JBfcfcttoTa&^WfcSS&f - 
Bit 4 ± 9 i> ffi^aJK^^JSEt LTffiffl-TB^ 
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[004 110711 ffl£t»ctsaaS<?5HMK*fflv^ 

CD^fliSrSl^f & t> OT'ft 4 . H 7 <7>g*+M ? )Vcr>M 
lOOfcl 5 6<0t><0*Wffl"*-4Hl«JII»*»fe 
£5E3;fvcvv5:i^ «&«JSflBSSK7 6 O^lg-o 
W'tfSSJIM 7 6 2 TffiB L , ifctSBSSISg 7 6 4 Ti% 
Wl&&< b fc*#Wfc«t3-rciWi7 6 6 
®1766 £fS3:#!£s 12 2 T^ai LT«£?X 7 6 8 Z± 
tS-fr, &^t'#7 7 0^aL-CMJEELT?Ifl7 7 2£ 

#4 . vr , ath. 7 2 2 5- asssts 1 2 2 -c*j$£ji 

aRtt 7 6 0 *^ t S** . mn^ffiSfliWL7 S 0 £ 
StlcoSffgffiHStlS 7 8 2 TffiHi L , 7 8 4 T 

^Sl LTifft 7 8 6 £ f££ . S8DfX 7 8 6 £*3eJ&§s 1 2 
2-C^fflt^S-tirT, SDh-7 6 8i "5 *>?fhtV^th.7 
8 8*£fc3-lt6. Sitl7 8 8 2r#7 9 0 SrilLMfEL 
T Sfch. 7 9 2 fcfls 0 . ie£*§s 12 2 TiUn<?DSS 

JfiSEHWRSlE 7 8 0 t $-£4 . m-^O^Mt fiOfc 

m&m&m-c t, ± < -g. v ^(iMi^o^ftti 

»fSK^-^ffi£>»56JK J: 0 fcfiv* . H 7 £>H« 
ft 4 , 03-6 oflMR J: 0 kSMrri. co^HT* 
JEWl£fifflU5r<'Cfci$r&-$\ •eo*S»»*«* t flf< 

mmcommm^mmty^y. -e u-c!Kz<o?wBEfflf5 
mmmmmz^y (xtjxfu» T&4, 37^® 

[0042] 3fccoBR5*d±, tfxoffiBfc-jRttfciKB 
r>fc. H8d B3«l«t*fflSti5- 

SSI 0 8 H&(2ffi*ffi4 83kPa (70psi 
a) i 6 9 0 k P a (lOOpsia) (OiaoiSHOJBE 

ffiJflLTfcJ^. i^MTIl SBRx^^tyr- 1 2 

Kmmmzmw&mmi 1 2-c^aLT. 

*ffi4 140kPa (600psia) t 1 0 3 0 0 k 



Pa (1500psia) «fc UHRfcMtt*ttE6 

210kPa (900psia) i8620kPa (1 
2 5 0 p s i a ) COmcOEJlCOmtL 1 2 0 £4e t£it 

[0043] M^mnmmsmm 1 6 2 £H8 «ts 

KfcSBbO^^. APJ±^tO*Me^ffittteMEl 0 
3kPa ( 1 5p s i a) fc4 8 3 kPa (70psi 
a ) tfOBIWttHKft 0 . AMW^tfiPJETliiteWJE 1 0 
30kPa (150psia) t3450kPa (50 

o P s i a ) comcommizfo& . a^jmEii&tcisico 
BwiarrjRittfcasiiiJR-r* . i^t^aaiufcat 

*° y TT-JEM0±aiJ±7l 4 "Clffi t , ffi*««f*«SP^ b 

{s\ m^«s\ stessasi 6 4T-«**i^a]&tA«ffij: 
^)-gpx{±^gi5* ^< ^-cositrififci-s ; t tf-cz h . 

[ 0 0 4 4 ] El l-7tffiffltSI*t^f ^;Wi. ^ISc 

iz LiiBttJws&&M ?A*)\ivrtLi>mmr&z. t &v 
mitt* iMcr>mMim-<v?-*^*AJ-<y¥ 
-d26) ^fleffltTtiv^*^ wrhium<RV/ 
xim.<r>±madp%> \ ^m^z^ . ^.^^ ^ - ^-x^ s° 

AVf-j tfiaj ;fcjfii*J: < ft4f±*^^4it-4x 

[0045] iRS^*JBEfl:s*4Efttt, vm^^m 
m^XJ-sy?'—'\cDAO}±3ibjm^Xi>£\ l ^, zcom 

x^y^'-AP<59JE*cJ: f m<&-&. 
[0046] Hl — 7t?MBHLfc?&aiir>f ^;Wi, 

t&m-f I MJ±#. (5iJ^ HTH 3 3 7 4 ^ 3 8 0 fcfti 

i\m^mzA^x < &i%mm&. *-ffl««ti)i»; 
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[0047] 

[0 048] H9ii, AiW, X^X^y^ 

ssttttiisi i o o ^fiffoitffiis i 5 4 1 -*t 

IZ LTSfcft. 1 0 2 . ffi ft 1 0 2 £ fflM&JE« 1 0 

4 TffiffiLTsKx 10 6 Srff & . gfch. 1 0 6 £tf»E<Z>g 
3RS«8RSE l 5 6 h-fftLTsfch. 1 0 8 £ff & . JBi 

1 o s ^Bffliiffiffia 1 1 otffiL, mm^m^9 1 

2 T'^SI L , * t TSStfl 9 1 6 £ S&fx 9 2 0 t fcfl-IW 

« . sth.9 2 o *mn&&sMm 1 2 2 -c^ai 

2 2 Sr^O s ifcvvc*— jtfx^JV'Cy*'— 9 2 4ti5l 
SIEh.9 1 6(iJ±m«9 1 STStffiKU 



120*. m3m^ffiBMBXfiSSm0MX<n#!Sto 
ffl*4rifrSIU Six 124tSKil40fc t4HRW" 
4 . Sill2 1 2 6T-tt*P 

SIS^TsSftl 2 8£fM. +ffOMKl3 0^ 

[0049]ifll40 S: jE^aiLTiBS^^tfOte* 
»KJ:9ffiV^Wi.l4 2*£tS-£, #14 4£fflLT 

+JEffi4rti»3&»4>i^KStSE 1 4 6 £ftfl3K33ftS 1 2 2 
T'SP^W^MSLT. ^£Stt3-fr.I.-aaHi9 28^ 
ffD. ^flkf— tf^X^yy— 9 2 4*^<7)il^9 

2 6 1 -«t mt lx . mmms t 

M13 2 *3EK»EEU fflc]±ffl#St£g 1 4 8^At" 
-6. i«Ofi£Effl^Hi»se»fe<^RS5i81 5 2 £iR-fH»35SI 
SI 2 2-CMflLT. ffiES»B«8il8rE 1 5 4£r±t£ 

[00 50 1 13 C9?ffi8t t H 9 <7)fiS3fe&fl5<7)3rffi b (Oit 
sR£TI2<7)*l tS2(;St 5 
[0051] 

mi ] 
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[00 5 3] £«0ttWBB3*4W*»6»&*ifcl6g*» 
6 . #5raw^«3tf!#ftffftf> «> fiO J; "3 8 . 5 %4«5r 
^Srt£MK^&£fca^3;h.&. 

[0 0 54] zcokolz, *$fcfl|§ii. tfxnmt. mz 

(Cft-4 3°C (**7-4 5' F) kft- 1 5 7°C (ft- 2 
5 0° F ) <oraoiB««Hrttf)a8fr£«0W-$. Mfftx 

co^EHoeffii&Kfi, HRfcft- 1 4 0°C (ft - 2 

2 0° F ) kft- 1 9 6°C (ft- 3 2 0 " F ) (TMlZfo 
[00 5 5] *36TOw*Bt«PS^J4±3*wBI!*t^ 

[His^ffim^Bj] 

[Hi ] ffl**a-(w*fcfto*^&sww4wfcaa 
4, 



[H3 ] ffl/l/-7lil^M-<M ?/k&*ffl»L,»i*Wfc* 
&tf «£E § ix l> ISMSE k SlffcsiE fc fc4H*4 £ fc fc J: "3 * 

&*sew-4:*:WK*> *> a -o«7)jiB#i wmth mx-h 

4. 

[H4 ] H/P-T^^^M ?7Utf*ffl»L9fi*Wfc* 

»3S««SK(' v HtfB&tflSE $ *i 4 k ffifr 
xHt t^lt* £ k (cj; a - 

o^JIMKSMHW* 0T& 4 . 
[ El 5 ] #ffico«#c§r L w a tyco- Sfl-fcfcSItt fciWt*) 

asssai: H4^»k[5i««*^Hj w ^a 

[116] ^g^^S^0*>O-gfcfr£. ^aiSVME 
?#£PUSJ±iM>. H3«ll«fc|B|««*SMH^)t,a-o 
[07 ] ^o^fciL^W/k-r^R^-f 7)V*mm- 

[las] mmtimcD&mcD-t'zMzffl(?)%&immzm 
mr&*8ffi<?>i> o-mmmzmw-tz>mx'$>& . 

[09 ] ^^*170 

1 04-«E« 
1 1 0-ffflSKffifiHS 
1 1 2-f*BJ£SJ#i 

1 2 2-mttm$sm 



(B. 3) 501-165561 (P2001-165561A) 



1 2 6 • ■ -x^ n° y ¥— 1 6 4 • • -aa^aigi 

13 0-*ffifB#«H 3 6 6. 6 8 0-ffl#RSS 

14 8-ffiEH&iHi» 7 6 2. 7 8 2--SfI^J±« 
16 2-iI^lElI 7 64. 7 8 



[HI ] 




[12] 





(S. 4) 501-165561 (P2001-165561A) 



[03] 





(8. 5) 501-165561 (P2001-165561A) 



[05] 





(S. 6) 501-165561 (P2001-165561A) 



[07] 



i<ra . ura 10a. 




: 

' 140 

1 


124 ; 


146 




142 









[08] 




(€L 7))01-165561 (P2001-165561A) 




V*?&%m, ALyS^K—T 18949, 
x^ — X, 3n-T;l/ h 126 

7\XU ^vs^W^xr 18049, 

4312 



T-XU ^V^K— T 18051, 

7tf;ut> ( bf— v-y 8228 

T^U^^H, ^^y/K^T 19529, 

^ryrfy, $ + VyJy' 8866 



